Abstract -This paper presents the control of a two-wheeled mobile robot (WMR) using a fuzzy model approach. A fu:zzy controller will be designed based on a TS fuzzy plant model of the WMR. This proposed controller is capable of driving the system states of the WMR to faillow those of a stable reference fuzzy model with the stability of the closed-loop system guaranteed.
, have been proposed to control WMRs. Most of these methods have a high demand on the computational power of the controllers, and the structures of the controllers are relatively complex. As a high-gain switching signal is used, chattering will appear in the system output when the sliding controller is used.
Inspired Fig. 1 . written as,
i ( t ) = B(x(t))E(t)
( 1) where,
T is the system state vector, X, ( t ) and x2 ( t ) denote the center position of the WMR in meter (m), x 3 ( t ) is the heading angle in radian (rad); 2 0 = 0.07m is the distance between the two wheels, R = 0.02m is the radius of the wheels; w, and w, are the angular velocities of the right and left wheels respectively. Referring to Fig. 1 , the control objective is to control the position of the point Q of the WMR to track a reference path. The position Q is represented by,
From (1) and (4), we have, where, is assumed to be a nonzero scalar. This can be achieved by rotating the WMR when it stays at a point. From (l), (5) and letting i, ( t ) = v, ( t ) , we have,
The design of the fuzzy U 2 ( f ) C2(0 controller will be based on (8) and discussed later.
FUZZY PLANT MODEL, FUZZY CONTROLLER AND REFERENCE FUZZY MODEL
A TS fuzzy plant model will be used to approximate the behavior of (8). Based on this TS fuzzy plant model, a fuzzy controller will be designed to control the WMR of (8) such that the system states of (8) will follow those of a stable reference model.
A. Fuzzy Plant Model
A 5-rule TS fuzzy plant model is used to represent the WMR of (8). The i-th rule is of the following format, Rule i:
where M' is a fuzzy term of rule i, i = 1, 2, 3, 4, 5; A , and B, E %~~~ are constant known system matrix and input vector respectively of the i-th rule sub-system. The system dynamics are described by, 
B. Fuzzy Controller
A fuzzy controller having 5 fuzzy rules is used to control the WMR. The design will be based on the fuzzy plant model of (10) for the WMR of (8). Thej-th rule of the fuzzy controller is of the following format, BmA , k = 1 , 2 , 3 , 4 , 5, are the same. The reason of using this fuzzy model instead of a linear model as the reference is that it can give a better performance. For instance, the reference fuzzy model can be designed such that it has a faster response when x3 ( t ) is close to its reference value.
Rulej: IF x 3 ( t ) is M i THEN u(t)=Gj(t)ji(t)+rj(t),

IV. DESIGN OF FUZZY CONTROLLER
In this section, we present the design of the fuzzy controller of (14) based on the fizzy plant model of (10) such that the system states of the WMR will follow those IECON'OI: The 27th Annual Conference of the IEEE Industrial Electronics Society of the reference model of (16). From (9), (16) and the property of (1 1) that 9 w, (x, (t)) = I , we have, system states of the WMR to follow those of the reference fuzzy model of (10) 5f the following conditions are satisfied.
(i).
The feedback gains of the fuzzy controller are designed such that: according to Lemma 1. The designed fuzzy controller will then be applied to the WMR of (8) to close the
feedback loop for obtaining the simulatibn results. The
From (14), (17) arid the property of (11) that system matrices of the reference fuzzy plant model are chosen to be By using the results in [12] [13] , both the reference fuzzy model and the system of (21) are guaranteed to be stable if there exists a symmetric positive definite matrix P E R4x4 such that the following conditions are satisfied, H,,'P + P H , are negative definite, i = 1 2,3,4, 5. (22) When (21) is stable, the designed fuzzy controller will drive the system states of the WRM to follow those of the reference fuzzy model. The results are summarized by the following lemma. 
